unless the cause is reversible, dilatation and fail-
ure tend to be progressive. Moreover, left or
right ventricular dilatation results in stretching
and incompetence (functional incompetence) of
the mitral or tricuspid valve respectively, and
this, as described below, increases the work of
the dilated ventricle.

A less common cause of intrinsic pump failure
is impaired compliance of the myocardium which
in plain language means that the ventricles are
too stiff to relax and fill properly during
diastole, as in hypertrophic cardiomyopathy
and amyloid disease of the heart. The abnormal
rigidity may also interfere with myocardial
contraction. By restricting cardiac filling, peri-
cardial haemorrhage or effusion and restrictive
pericarditis can produce similar effects.

Disorders of cardiac rhythm, resulting from
various conditions, are also included in this
group. Although minor irregularities such as
sinus arrhythmia and occasional extrasystoles
do not significantly impair cardiac function,
severe tachycardia so shortens the time for
diastolic filling of the ventricles and diastolic
flow in the coronary arteries that the efficiency
of the heart is substantially decreased; this hap-
pens in atrial fibrillation and flutter and the
paroxysmal tachycardias. The bradycardia seen
in complete heart block (about 30 beats a
minute) causes a marked fall in cardiac output.

(2)  Increased pressure load results from any
condition which increases the resistance to ex-
pulsion of blood from the ventricles. The com-
monest causes affecting the left ventricle are
systemic hypertension and aortic valve stenosis,
while resistance to emptying of the right ven-
tricle is usually due to pulmonary hypertension
resulting from various diseases of the lungs and
from mitral stenosis.

If the cause is chronic, the affected chamber
undergoes hypertrophy, but eventually dilata-
tion and failure develop.

(3) Increased volume load. This arises when a
ventricle is required to expel more than the
normal volume of blood. It occurs when, owing
to incompetence of a heart valve, some of the
blood leaks backwards (e.g. through the aortic
valve during diastole), and also in conditions in
which the general circulation is increased, e.g.
anaemia, thyrotoxicosis, and hypoxia resulting
from lung disease. Other causes include shunts
between the left and right sides of the circula-
tion, and arterio-venous shunts.
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(4) Coincidence of multiple factors. Each of
the above aetiological groups may independ-
ently produce cardiac failure, but various fac-
tors often operate simultaneously. For ex-
ample, a patient with mitral stenosis and myo-
cardial fibrosis due to previous rheumatic fever
may have only impaired exercise tolerance (i.e.
diminished cardiac reserve) without evidence of
cardiac failure at rest; with the onset of atrial
fibrillation cardiac failure at rest may develop.
An individual with systemic hypertension may
develop cardiac failure as a result of occlusion
of a minor coronary artery which would go vir-
tually unnoticed but for the hypertension, or
cardiac failure may be precipitated by an attack
of pneumonia in a person with pulmonary
hypertension due to chronic lung disease.

Manifestations of cardiac failure

In mild failure, cardiac function is adequate for
the needs of the body at rest, and failure
becomes apparent as undue breathlessness on
exertion; this is attributable to congestion of
the lungs, which stimulates respiratory reflexes.
In more severe cardiac failure, cardiac output is
inadequate even at rest and structural changes
in various organs result. The nature of the
changes depends on the duration of the cardiac
failure, and on which ventricle predominantly
fails.

Acute cardiac failure is due to conditions of
sudden onset, e.g. coronary artery occlusion,
pulmonary embolism, acute infections, the
hypertension of acute glomerulonephritis, the
development of an arrhythmia, or rupture of a
chamber or valve cusp. When cardiac failure is
acute and severe (most often due to myocardial
infarction) the acute fall in cardiac output, with
consequent diminished tissue perfusion, results
in a reaction closely similar to that in hypovo-
laemic shock, with selective vasoconstriction.
The term cardiogenic shock (p. 263) is ap-
propriate, but the central venous pressure is
raised, and the principles of treatment are quite
different: the full picture of shock develops in
only a small proportion of cases, but when it
does occur the outlook is poor. Conversely,
acute heart failure may develop as a result of
severe, prolonged hypovolaemic or septic shock
(pp. 262-4). In both of these circumstances, if
death occurs rapidly the organs behind the
failing ventricle show acute venous congestion,